Objectives-To assess the effect of an intra-articular presentation ofstress (heat shock) proteins (hsp) on joint inflammation. Methods-Wistar rats were sensitised with a suspension ofheat killed Mycobacterium tuberculosis in oil in the scruff of the neck and challenged intra-articularly with stress protein or M tuberculosis preparations. Inflammation was assessed by joint swelling and, using immunohistology, cellular infiltration of the synovium and antibody induction by an enzyme-linked immunosorbent method. Results-It was shown, for the first time, that the intra-articular administration of a recombinant myobacterial 65 kDa hsp can induce joint inflammation in M tuberculosis sensitised recipients; both powdered M tuberculosis and the purified protein derivative of tuberculin (PPD) produced a similar response, with T cell infiltration of the synovium and a time course typical of delayed type hypersensitivity. This response was specific to the 65 kDa protein as another immunodominant mycobacterial stress protein of 10 kDa was ineffective. Furthermore, intra-articular injection of the 65 kDa hsp induced an antibody response against both the 65 kDa and 10 kDa proteins and the antibody titres continued to rise when knee swelling had subsided. Conclusions-These results support the hypothesis that 60 kDa proteins are a relevant arthritogenic stimulus in an M tuberculosis background. Moreover, when antigen presentation occurs in the synovium of previously sensitised individuals, circulating antibodies are generated which persist and recognise cross-reactive epitopes on several stress proteins.
Abstract
Objectives-To assess the effect of an intra-articular presentation ofstress (heat shock) proteins (hsp) on joint inflammation. Methods-Wistar rats were sensitised with a suspension ofheat killed Mycobacterium tuberculosis in oil in the scruff of the neck and challenged intra-articularly with stress protein or M tuberculosis preparations. Inflammation was assessed by joint swelling and, using immunohistology, cellular infiltration of the synovium and antibody induction by an enzyme-linked immunosorbent method. Results-It was shown, for the first time, that the intra-articular administration of a recombinant myobacterial 65 kDa hsp can induce joint inflammation in M tuberculosis sensitised recipients; both powdered M tuberculosis and the purified protein derivative of tuberculin (PPD) produced a similar response, with T cell infiltration of the synovium and a time course typical of delayed type hypersensitivity. This response was specific to the 65 kDa protein as another immunodominant mycobacterial stress protein of 10 kDa was ineffective. Furthermore, intra-articular injection of the 65 kDa hsp induced an antibody response against both the 65 kDa and 10 kDa proteins and the antibody titres continued to rise when knee swelling had subsided. Conclusions-These results support the hypothesis that 60 kDa proteins are a relevant arthritogenic stimulus in an M tuberculosis background. Moreover, when antigen presentation occurs in the synovium of previously sensitised individuals, circulating antibodies are generated which persist and recognise cross-reactive epitopes on several stress proteins. In recent years, considerable attention has been given to the role of stress (heat-shock) proteins (hsp) in arthritis, with studies centring on their putative inflammatory action as well as their unquestionable defence activities. Hsp genes are highly conserved between species while their protein products vary slightly in molecular mass and therefore are defined as 'families' (for example, 60 kDa or 70 kDa family (1) lo ) (1) 0) Anti-65 kDa Figure 1A shows (10) and 65 (1) denote groups of rats receiving 10 ,ug and 1 ,ug of r65 intraarticularly while 10 (10) and 10 (1) refer to intra-articular injection of 10 Figure 1B shows the serum antibody levels to 10 kDa and 60 kDa proteins measured at day 3 (maximum swelling) and again at the end of the experiment. At day 3 (filled bars), significantly raised antibodies to the 65 kDa protein were present in animals receiving an intra-articular injection of r65 (p<0 025) but not the 10 kDa polypeptide. At the end of the experiment (day 8), when swelling had subsided, significantly raised antibodies to both l kDa (p<005) and 65 kDa (p<0025) hsp were detected only in the animals receiving the higher dose (10 ,ug) of r65, administered intra-articularly (open bars) but this should not be overinterpreted as the numbers are small (n = 3).
A range of antigens was tested (table 1) . In all cases, except LPS, the animals received an intra-articular dose of 50 ,ug of antigen. To ascertain whether the inflammatory response observed following intra-articular injection of r65 was attributable merely to contaminating LPS, sensitised rats were injected with LPS in an amount equal to that present in 50,ug of r65 (that is, 15 EU). LPS, at this concentration, had no significant effect while both r65 and pur65 induced statistically significant joint swelling. M tuberculosis and PPD, which contain the 65 kDa protein, were also effective but neither the 10 kDa nor the p24 polypeptides induced oedema. Serum antibody levels were measured six weeks following intraarticular challenge. Raised antibodies to r65 or the 10 kDa polypeptide were again detected only in sensitised animals challenged intraarticularly with the 65 kDa protein preparations (that is, r65, M tuberculosis or PPD): Intra-articular challenge with M tuberculosis and PPD, however, appeared to favour an anti-10 kDa response (ELISA Units: mean anti-10 kDa = 1-63 for PBS, 12-2 for M tuberculosis and 11 37 for PPD; mean anti-65 kD1 = 2d10 for PBS, 2-00 for M tuberculosis and 2 20 for PPD), but these numbers represent only 2 animals per group. Sensitised animals challenged intraarticularly with LPS or the 10 kDa or p24 polypeptides had normal antibody levels.
EFFECT OF INTRA-ARTICULAR MICROBIAL PREPARATIONS IN NON-IMMUNISED ANIMALS
To determine whether the knee swelling induced by r65 was dependent before sensitisation with M tuberculosis, a group of unsensitised rats were injected intra-articularly with either PPD or M tuberculosis; no measurable joint swelling occurred and serum stress protein antibody levels were normal.
JOINT ASSESSMENT Groups of sensitised animals, injected with r65 or the 10 kDa polypeptide, were maintained for six weeks with no subsequent measurable knee swelling. Visual assessment of the joints after sacrifice revealed that animals injected with r65 had an increased fluid volume with synovial proliferation and bone erosions. fig 2D) , but EDI + macrophages were present ( fig 2E) . ED2 + macrophages persisted throughout the experiment in both r65 ( fig 2C) and PBS injected animals.
Discussion
Several groups have demonstrated a protective effect for the 65 kDa stress protein in rodent models of arthritis;7 1 ' the route of administration, however, was critically important. 7 13 Although the 65 kDa protein was shown to exacerbate existing disease,'3 no arthritogenic potential was demonstrated.7 Here we have shown that, in sensitised animals, a recombinant 65 kDa stress protein of M leprae can indeed induce joint inflammation in the absence of existing disease, implying a role for this protein in arthritis induction. This result was not attributable to bacterial contaminants as a purified preparation of r65 caused similar swelling and intra-articular administration of LPS itself showed little effect (table 1) . Macrophage recruitment occurred following injection with either r65 or PBS but only r65 induced T cell infiltration of the synovium (fig 2) .
Antigen-induced arthritis, based on the In humans, T cells isolated from healthy individuals show specificity to self-epitopes shared by the human and mycobacterial 65 kDa stress proteins; thus the potential for generating autoimmune disease exists, by breaking tolerance through the ability of T cells to recognise cross-reactive epitopes on infecting organisms. '7 The majority of the Western population are immunised (that is, sensitised) with M bovis BCG and all are differentially MHC restricted. The M bovis hsp 60 has close amino acid identity with that of M leprae (used here), differing by only 28 residues. As previously stated, the route of administration, as well as antigen charge and size, is of major importance to the response obtained. We used immunisation followed by intra-articular challenge. We speculate that this model mimics human arthritis. Taken as an acute model, it could be likened to a reactive arthritis. Extensive investigations have shown that, in these patients, T cells are directed principally to the 60 kDa protein of the infecting organism but show cross-reactive responses. 18 However, hsp60 could be the elusive persistent synovial antigen of RA. Thus in the human arthritic joint, where 60 kDa proteins are highly expressed,2 3 ongoing inflammation within the synovium may lead to cell destruction with the concomitant release of these proteins and subsequent recruitment of arthritogenic T cells; this may account for the acute 'flares' seen in RA. Differential MHC restriction, governing susceptibility to such T cells, could account for the more severe disease of HLA DR4 positive patients with RA.
In summary, we have provided evidence in support of the hypothesis that, in M tuberculosis-sensitised individuals, stress proteins presented within the synovium, perhaps following cell destruction or microbial infection, can recruit arthritogenic T cells, thereby creating flares of acute inflammation and initiating or prolonging the disease. Further, we have provided an explanation for the occurrence of increased levels of crossreactive antibodies to stress proteins in patients with RA.
